Abstract. Panoramic radiography was the common technique in assessment of mandibular fractures. It is two dimensional and has a significant magnification that limit an accurate interpretation of images associated with traumatically injured mandible. The objective of this study was to assess the mandibular fractures by multislice computed tomography and reconstructed three-dimensional computed tomography. This study involved five Egyptian patients of different ages and sexes. All patients were complaining of traumatic facial injuries. They were subjected to clinical and radiological examinations, which they were submitted to panoramic radiography as well as multislice computed tomography with three dimensional reconstructions. It was found that multislice computed tomography and reconstructed three dimensional computed tomography images are more reliable in detecting and revealing many missed mandibular fractured fragments that are not seen on conventional radiography. This concludes that the combination of multislice computed tomography and reconstructed three dimensional computed tomography allowed several improvements and changes in the treatment plane, as well as operative management of mandibular fractures.
Introduction
Maxillofacial injuries affect a significant proportion of traumatic patients either isolated or associated with other serious injuries [1] . The mandible fractures are the second most-frequent maxillofacial injuries treated at a trauma centre, they account for 15.5% to 59% of all facial fractures that is due to mandible position and prominence [2] . With increase frequency in Condyle, body, and angles followed by less occurrence in parasymphyseal region, ramus, coronoid, and alveolar process. Trauma to the mandible is often associated with assaults, falls, and sports injuries [3] . Imaging examination is an essential component of diagnosis and treatment planning for the management of traumatic patients [4] .
Computed tomography (CT) is gaining increasingly more acceptance in the evaluation of facial trauma [5, 6] , as it can often visualize complex injuries with a precision unattainable by conventional radiography or clinical examination [7] . Furthermore, CT aids in evaluation of the fracture lines, patterns, and volume changes and comparison to the contra lateral or uninjured side. It can depict significant fractures that could be missed or incompletely diagnosed by plain radiography, and it should be added routinely to the initial screening for multiple traumatic patients [8] .
The introduction of multislice computed tomography (MSCT) represented a fundamental evolutionary step in the development and ongoing refinement of CT imaging techniques [9] . It is faster than conventional helical CT and has decreased image noise [7] .
Multislice computed tomography (MSCT) scan can yield multiple, thin, overlapping slices that can be rapidly reconstructed, resulting in higher-quality multiplanar reconstructed (MPR) images [10] . Multislice computed tomography (MSCT) is gradually replacing the conventional radiograph in assessment of maxillofacial trauma. Furthermore, it helps visualize the unrecognized non-displaced symphyseal and condylar fractures, and subsequently, applies a differentiated treatment strategy [1] .
Computed tomography (CT) supplies relevant information for the diagnosis, treatment planning, and follow-up of patients with facial trauma [11] . Multislice computed tomography (MSCT) is a significant and latest advance in the technology of CT imaging, resulting in the opportunity to greatly increase the speed of data acquisition and reconstruction than the previous spiral CT generation [12] . It has been demonstrated that MSCT can obtain a greater range of anatomic coverage during the scan. The continuous data acquisition and archiving occurs as the entire volume of interest is scanned [11] .
Currently, several studies have reported the interpretation of threedimensional (3D) CT and MPR images by CT as supplying more information than axial two-dimensional (2D) images, by providing more reliable diagnosis, effective therapeutics, evaluation of treatment, and consequently, reducing the manifestation of sequelae [11] . Furthermore, MPR can be associated with a workstation using 3D-CT as adjunct information, and producing relevant improvements in the diagnosis of fractures of the maxillofacial complex [11, 13] .
The purpose of this study is to evaluate the accuracy of MSCT with reconstructed three-dimensional CT (R3D-CT) in mandibular fracture assessment.
Material and Method

Patient Selection
Five Egyptian patients of different ages and sexes participated in this study were selected from the outpatient dental clinic, faculty of oral and dental medicine, Cairo University. They were complaining of traumatic facial injuries. All the patients were subjected to clinical and radiological examinations.
Radiographic Examinations:
1. Panoramic radiography. 2. Multislice computed tomography(MSCT)* and reconstructed three-dimensional computed tomography(R3D-CT|).
Multislice Computed Tomography
In the present study, the CT data acquisition was performed by the following protocol: 1 mm of slice thickness with 0.5 mm interval of reconstruction in 4 slices by 0.5 second time, using 120 KVp and 150 mA, matrix 512 X 512, with field of view 18 cm, and standard filter for bone tissues. The original data were transferred to an independent workstation using special software to generate automatic and simultaneous multiplanar and 3D volume rendering reconstructed images.
Subsequently, the images were processed, manipulated, interpreted and analyzed [11] . *(Aquilion, Toshiba Medical Inc., Tustin, CA U.S.A.)
Result (Case Presentation)
First Case: An 8-year-old child patient presented to outpatient dental clinic, Faculty of Oral and Dental Medicine, Cairo University. This patient was subjected to facial trauma and complained of pain, swelling, soft tissue laceration and bleeding. The panoramic radiograph revealed a possible fracture in the right angle of the mandible, as shown in Fig. 1 . Axial CT scan bone window showed fracture of the right angle of the mandible with anterior displacement of the ramus (Fig. 2A) . Coronal CT scan bone window showed fracture of the right angle of the mandible with medial displacement of the body of the mandible (Fig. 2B) . R3D-CT scan showed fracture of the right angle of the mandible starting from the distal surface of the lower right wisdom tooth, and extending posteriorly and inferiorly till the angle of the mandible (Fig. 2C) .
Second Case: A 33-year-old patient subjected to trauma and suffered from pain, malocclusion, bleeding and soft tissue swelling. The Panoramic radiograph revealed a right parasymphyseal fracture and intruded tooth #43 (Fig. 3) . Axial CT scan bone window showed fracture of the right angle of the mandible with anterior displacement of the ramus (Fig. 4A) . Coronal CT scan bone window showed fracture of the right angle of the mandible with medial displacement of the body of the mandible (Fig. 4B ). R3D-CT scan showed fracture of the right angle of the mandible starting from the distal surface of the lower right wisdom tooth, and extending posteriorly and inferiorly till the angle of the mandible (Fig. 4C) . 
Discussion
One of the important factors determining the success of treatment of mandibular fractures is early and correct diagnosis [14, 15] . The evaluation of the trauma of the mandible is based on clinical examination followed by the appropriate radiographs [15, 16] . Panoramic radiography has been used for many years for detection of mandibular fractures. More recently, advanced imaging methods such as MSCT have been applied. While variable studies have established the clinical utility of MSCT, using of MSCT in mandibular fracture has not been subjected to assess its clinical effectiveness.
Panoramic tomography continued to be used in the identification of mandibular fractures. Yet, its traditional strong role in patients with isolated trauma to the mandible and the maxillofacial region is decreasing. The convenience of the panoramic tomography lies in having the entire mandible on a single radiograph. However, with the 3D technology of MSCT, this is no longer unique to panoramic tomography. New advances in bony facial surgery, including 3D modeling and computer-aided surgery, require MSCT.
Moreover, patients are required to be positioned in an upright position in panoramic tomography [1, 17] . This precludes the acquisition of panoramic tomography in patients who are sedated, intubated, or unable to be positioned upright. In patients who have experienced multiple
traumas, these limitations may delay the identification and treatment of mandibular fractures.
Multislice computed tomography (MSCT) is progressively replacing the panoramic radiograph for mandibular trauma, and is increasingly being performed to detail and classify mandibular trauma. CT is being increasingly applied to define the fracture location and the degree of dislocation in mandibular trauma [1] . The great advantage of CT in comparison with panoramic is the ability to image soft tissue [14] .
It is possible to scan a large volume of interest with high image quality, thin sections, and a low artifact rating in a short time, therefore, dramatically reducing respiratory motion problems [11, 18] . Multislice computed tomography (MSCT) has brought about major advances in bone imaging. A volumetric image set with isotropic properties can be obtained in a single acquisition with a 0.5 mm slice width [19] . Furthermore, by using specific tools of an independent workstation, multiple overlapping slices can be reconstructed from a single examination permitting higher quality reconstructed images without additional patient irradiation, and facilitating management of traumatic patients.
In the present study, the acquisition of the images followed a protocol using MSCT in which the patients were submitted only to axial slices, with a thin interval of reconstruction (0.5 mm) and in 0.5 second time. Subsequently, the axial images were sent to an independent workstation where the specific tools of the computer graphic system were applied, to improve the visualization of the anatomic structures. It was a fast examination that obtained high imaging resolution, an essential condition for 3D reconstructed images, and the reconstruction of the images in the coronal and sagittal planes.
One of the great advantages of MSCT is that only axial cuts are taken with the patient lying comfortably in a supine position. Then, perfect coronal and 3D reconstruction can be performed using the computer software. There is an improvement in the interpretation without submitting the patients to another examination [11] .
Two-dimensional CT presents limitations in the localization of bone fragments and the direction of bone displacement. For this reason, 3D-CT images were used to complement the interpretation. Rhea et al. [20] observed that 3D images provided an easy detection of specific characteristics of facial asymmetries, and a clear localization of fractures associated with extensive bone displacement. R3D was helpful in the evaluation of comminutive fractures, displacement components, and complex fractures involving multiple planes.
Three-dimensional-CT improved our understanding of the nature of mandibular fractures. It provided more information regarding fracture and may visualize injuries that were otherwise missed. Schuknecht and Graetz [1] reported that 3D-CT makes a significant contribution in the diagnosis and treatment of up to 29% of patients. The combination of MSCT and R3D technique allowed several improvements, such as imaging interpretation, patient data entry, and study direction.
The present study showed that 3D images, when combined with axial and MPR images, could greatly increase speed (0.5 seconds per slice thickness and half interval of reconstruction) while improving, both image quality and productivity, therefore, increasing the diagnostic and treatment planning effectively. Moreover, Wilson et al., Chacon et al. and Dos Santos et al. [11, 21, 22] have reported the interpretation of 3D-CT and MPR images by CT allowing for more complete assessment of the fractures and a perfect planning of surgical treatment.
It was found that coronal and 3D reformatted views provide details of fractures that are not clearly delineated by MSCT in the axial plane alone. Thus, advocated by obtaining these reformatted views on an individual patient basis as they supply more information than axial 2D images. It provides more reliable diagnosis, effective therapeutics, evaluation of treatment, and consequently reduces the complications. The best results were found in the association of methods, demonstrating that they complemented each other and improved the identification of fractures.
Concerning the number and anatomical location of fractures identified by MSCT and panoramic tomography, MSCT is more considered in detecting mandibular fractures than panoramic modality. This result signifies the superiority of CT in detecting variable sites of mandibular fractures.
Roth et al. [17] found that consistently more mandible fractures were identified on Helical CT than on panoramic tomography, with the exception of body and condylar fractures. All the fractures that they identified by CT and were not seen on panoramic tomography, were located at the angle, ramus, or sub-condylar region. This finding underlines the limited usefulness of panoramic radiography in mandibular traumatized patient.
The appearance of the fracture was another important issue regarding the interpretation of the radiographs. Appearance of fracture, like cortical discontinuity, abnormal angulation, absent or displaced bone, abnormal linear density (double density), haemosinus, free fractured bony segment, foreign body, sub-cutaneous haematoma, emphysema and teeth fracture, provide the maxillofacial surgeon with additional information that can affect the operative management of each case. MSCT showed higher value of detecting different appearance of trauma than panoramic radiography. Roth et al. [17] found that additional information, including displacement and comminution of the fractures, evident on Helical CT was not available on panoramic tomography.
Conclusion
The combination of MSCT with R3D allowed several improvements and changes to the treatment plan as well as operative management of mandibular fracture. They demonstrated many missed mandibular fractures that were not seen on conventional techniques; therefore, MSCT is more reliable in detecting mandibular fracture. 
